Abstract -Photo-oxidation of cheese products has become an issue due to the fact that packaging of cheeses in transparent materials is very frequently used. The present study aimed to investigate the effect of fat content and availability of oxygen on light-induced oxidation in cheese, as we expected that the fat content would affect the oxidation pathways. Two different model cheeses with 5.4% and 18% fat were packed in air and in vacuum, respectively. The contents of protein (dityrosine and dimethyl disulphide (DMDS)) and lipid (lipid hydroperoxides, pentanal, hexanal and heptanal) oxidation products were significantly reduced in vacuum-packed cheeses compared to cheeses packed in air. Protein oxidation correlated to the concentration of lipids in the cheeses, and interactions between the lipid radicals and proteins seemed to be decisive for the generation of dityrosine, whereas the influence of lipid radicals on the generation of the DMDS seemed more ambiguous. The higher levels of dityrosine and DMDS in the cheese with a high fat content indicated that transfer of radicals from the lipids to the proteins occurred. Even though the generation of DMDS was reduced in vacuum-packed cheese when compared to cheese packed in air, DMDS was formed in vacuum-packed cheese.
INTRODUCTION
Photo-oxidation of cheese products has become an issue due to the fact that packaging of dairy products in transparent materials is very frequently used. In general, lipid oxidation has been the main focus due to its high impact on flavour/off-flavour formation in all dairy products. However, the increasing production and sale of low fat dairy products, including low fat cheeses, makes the oxidation of amino acids and proteins of interest due to its higher impact on offflavour formation in products with limited fat content. Sulphur compounds have been suggested to be of major importance when speaking of protein oxidation in dairy products, and the oxidation of methionine to methional has been proposed to be the major sulphur oxidation product giving rise to off-flavour in skimmed milk [1] . However, more advanced methods have shown that dimethyl disulphide (DMDS) was the major protein oxidation product in milk [19] . DMDS was reported to be mainly responsible for the off-flavour formation in low fat dairy products such as skimmed milk [15] , and DMDS has also been detected in low fat cheese [2] .
Storage conditions affect the oxidative stability of cheese, and both modified atmosphere [24] and light exposure [2, 23, 24] have an impact on the formation of oxidation products. Illumination with white light gave rise to riboflavin-mediated photooxidation [2] , while porphyrins and chlorins played a more important role when exposed to red, orange and yellow light [34] . In the violet, blue and green region riboflavin, porphyrins and chlorins may play a role [32] . Riboflavin-mediated photooxidation is believed to take place through two different mechanisms. The type I mechanism in which triplet-excited riboflavin reacts directly with the substrate by abstraction of an electron or a hydrogen 566 T.K. Dalsgaard et al. from the substrate to generate radicals, or the type II mechanism in which triplet-excited riboflavin reacts with atmospheric oxygen forming the reactive singlet oxygen. The photo-sensitiser riboflavin tends to favour the type I mechanism without any influence of singlet oxygen in aqueous solution [4] , but the ratio of the two different mechanisms by which riboflavin acts is still unclear in different dairy products. Even though much effort has been put into measuring the generation of protein oxidation products such as dityrosine [5, 28] and protein carbonyls [5, 17] in model systems, only few studies concern light-induced protein oxidation in dairy products, and in the cheese system only a single study has shown the presence of dityrosines [3] . The complexity of the cheese matrix may be the reason for the little attention given to this subject as problems with off-flavour formation due to protein oxidation have been agreed on for years [7, 19] .
In the present study we investigated lipid and protein oxidation in cheese with high and low fat content packaged with different contents of oxygen. The hypothesis was that high fat content would increase the accumulation of lipid oxidation products during light exposure while low fat content might favour the oxidation of proteins. Reducing the availability of oxygen was expected to reduce the overall generation of both lipid and protein oxidation products.
MATERIALS AND METHODS

Materials
Two cheeses available on the market with different fat content, Cheasy 6% (6% fat) and Samsø (26% fat), were used. Both types of cheese were produced from bovine milk by ARLA Foods amba (Hjørring and Taulov Dairies, Denmark). Neutrase was purchased from Novozymes A/S (Kalundborg, Denmark) and Natamycin (Natamax) from Danisco A/S (Grindsted, Denmark). Ascorbic acid (99.7%), α-, δ-and γ-tocopherol (all > 96%), riboflavin (> 98%), ethylenediaminetetraacetic acid (99%), citric acid monohydrate, iron-(III)-chloride hexahydrate (97%), hexanal (98%), 1-hexanol (99.5%) and heptanal (> 92%) were obtained from Sigma Aldrich Chemie GmbH (Steinheim, Germany Acetonitrile, chloroform, hexane, 2-propanol and methanol (all HPLC-grade) and heptane (99%) were from Rathburn Chemicals (Walkerburn, Scotland). The reagent NH 4 SCN (99%) was from VWR BHD Prolabo (Leuven, Belgium).
Production of model cheeses
Model cheese systems (hereafter referred to as cheese) were prepared from the semihard, rindless, low fat cheese Cheasy 6% (6% fat) and a Samsø cheese (26% fat) ripened for~6 weeks. Model cheeses were used in order to avoid cheese-to-cheese variation. The original cheese (28.6 kg) was cut into pieces (10 × 10 × 4 cm) and mixed with 14.5 kg pasteurised water in a Scanima Mixer SRB-50 (Scanima A/S, Aalborg, Denmark) for 2 min at 272× g through punching holes of 4 mm until a homogeneous cheese paste was obtained. A total of 12.5 mg·kg −1 Chricin C (Chr. Hansen, Hørsholm, Denmark) was added to prevent microbial growth, and the paste was heated to 80°C for 5 min. The temperature of the cheese paste was reduced to 45°C before 0.08 AU of the proteolytic enzyme Neutrase was added, and the paste was mixed for~5 min. The cheese paste was transferred to 1 kg sterile DUMA containers (Gerresheimer Vaerloese A/S, Vaerløse, Denmark) and cooled to 4°C before being frozen at −20°C. The final cheese paste produced from the low fat cheese contained 31.1% dry matter (d.m.) [ 
Experimental design
The cheeses were stored in triplicate at 15°C under fluorescent light (400-600 nm) from a light source (TL-D 90 de Luxe Pro 18W/965 SLV, Philips, Frankfurt, Germany) as used in retail, with an intensity of 1800 lux measured at the surface of the cheeses. Control samples were stored in parallel. These control samples were wrapped in an aluminium foil to avoid light exposure. The samples were stored for 0, 1, 2, 3, 7, 14 and 21 days and analysed for lipid hydroperoxides, volatile compounds, dityrosine, riboflavin and vitamin E. The cheese samples were homogenised before withdrawn to the different analyses.
Lipid hydroperoxides
One gram of cheese was dispersed in 5 mL of demineralised water and mixed by Ultraturrax for 45 s. The lipid hydroperoxides were extracted into 10 mL (1:1) methanol:chloroform mixture. The samples were mixed for 30 s on a whirlmixer and finally centrifuged for 10 min at 1000× g. One millilitre of the chloroform phase was transferred into chloroform-cleaned glasses and mixed with 1 mL of iron II/thiocyanate mixture according to the IDF standard (74A:1991) modified by Østdal et al. [25] . Absorbance was measured at 500 nm with 700 nm used as background subtraction on an HP-8453 diode array spectrophotometer from Agilent Technologies (Palo Alto, USA), and quantification was performed according to external standards using a calibration curve made in the concentrations 0.5, 1.0, 2.5, 5.0, 7.5, 10.0 and 20.0 μg·mL −1 of iron (III). The samples were diluted properly to be within the range of the standard curve. Samples were analysed in triplicate.
Volatile compounds
The volatile compounds (pentanal, hexanal, heptanal and DMDS) were identified and quantified by GC-MS headspace analysis. One millilitre of deionised (18.2 MΩ) filtered water (0.22 μm) plus 1 mL of internal standard (100 ng·mL −1 4-methyl-2-pentanone) was transferred to a 12.5 mL vial containing 2 g of light-treated cheese and sealed with Teflon before incubation at 37°C for 30 min. The headspace was analysed for volatile compounds using a Carboxen/PDMS SPME fibre with a film thickness of 30 μm from Supelco (Bellefonte, USA), which was incubated . The splitless injector was kept at 250°C. An SPME injection sleeve liner from Supleco (Bellefonte, USA) with an inner diameter of 0.75 mm was applied. The column temperature was programmed to stay at 40°C for 4 min followed by an increase from 40 to 120°C with a rate of 5°C·min
, a hold time of 5 min and a subsequent temperature gradient from 120 to 300°C with a rate of 20°C·min
. Mass spectral analysis was performed in selected ion monitoring according to the ions determined by the use of a standard for each compound (Tab. I) on a quadrupole MSD 5975 (Agilent Technologies, Germany) with a quadrupole temperature of 150°C and a fragmentation voltage of 70 eV. The ion source temperature was 230°C, and the interface temperature was 280°C. Quantification was performed relatively using external standard curves with concentrations of 1-500 ng·mL −1 H 2 O of each compound to avoid day-to-day variation on individual compounds. Samples were measured in duplicate.
Dityrosine
Dityrosine was measured in 1 g of cheese. The cheese was dispersed in 5 mL of demineralised (18.2 MΩ), filtered water (0.22 μm) and mixed on a whirlmixer for 45 s. Before the cheeses were frozen to −20°C for later analysis, 1 mL of 1 mol·L −1 NaCl in 0.1 mol·L −1 H 2 SO 4 was added to the samples. Twelve millilitre of 2-propanol were added to the thawed samples, and they were subsequently mixed for 3 min before fat extraction was performed after addition of 9 mL of pentane. After another 3 min of mixing, the samples were centrifuged for 5 min at 1000× g. The fat extraction was performed three times before the samples were dissolved in 4 mL of 50 mmol·L −1 phosphate buffer and precipitated in 10% TCA and finally centrifuged for 10 min at 1000× g. The pellet was acid hydrolysed in 6 mol·L −1 HCl overnight and measurements were performed according to Dalsgaard et al. [5] using reverse phase HPLC combined with fluorescence detection. External standard curve (0-2000 nmol·mL ) of dityrosine was used for quantification and the samples were measured in triplicate.
Riboflavin
The cheese (1 g) was dispersed in 5 mL of demineralised (18.2 MΩ), filtered water (0.22 μm) and mixed for 30 s on a whirlmixer. Protein was precipitated in 10% TCA on ice for 10 min and subsequently centrifuged at 1000× g for 10 min. Approximately 1 mL of the supernatant was filtered through a cellulose filter (0.45 μm) and transferred directly into brown-coloured vials to avoid further light exposure. The samples were injected onto a reverse phase column (Sorbax SB-C8 with the dimension 4.6 × 150 mm, 5 μm from Agilent Technologies, USA). The riboflavin was quantified using fluorescence detection according to Silva et al. [29] . Quantification was 
α-Tocopherol
The cheese (1 g) was dissolved in 1 mL of demineralised water mixed for 30 s and subsequently mixed for 10 min with 2 mL of ethanolic ascorbic acid (1%). A saturated potassium hydroxide solution (0.3 mL) was added and mixed for 10 s before incubation for 30 min at 70°C. While incubated, the samples were shaken every 5 min. Subsequently, the samples were cooled on ice, and 1 mL of demineralised water and 3 mL of heptane were added and mixed for 1 min. The samples were centrifuged at 3 min at 1700× g, and the upper phase was transferred into brown-coloured vials and injected onto a Hypersil Silica column (4.6 × 200 mm, 5 μm from Thermo Fischer Scientific Inc., Waltham, USA), and eluted from the column using mobile phases of 98% hexane and 2% 2-propanol. Fluorescence detection was performed using excitation and emission wavelengths of 295 and 330 nm, respectively. Quantification was performed using an external standard curve. Samples were measured in duplicate.
Statistical analysis
Statistical analysis was performed using the Generalised Linear Models (GLM) procedure of SAS version 9.2 (SAS Institute Inc., Cary, USA). In order to obtain normality the data were transformed by the log(10) function. The LS-means were calculated and differences regarded as significant at minimum 95%-level (P < 0.05). Differences were classified by the RyanEinot-Gabriel-Welsch (REGW) multiple range test (SAS Institute Inc., Cary, USA).
RESULTS
The amino acid and protein oxidation products dityrosine and DMDS were used as markers for protein oxidation, while lipid hydroperoxides, pentanal, hexanal and heptanal, were followed as markers for lipid oxidation. Riboflavin and vitamin E (α-tocopherol) were furthermore analysed in order to describe the loss of photo-sensitizer and a naturally occurring antioxidant.
The concentration of riboflavin was 1.3 ± 0.3 μg·g −1 in low fat cheese and 1.5 ± 0.4 μg·g −1 in the cheese with 18% fat at day zero before any photo-oxidation had occurred (Fig. 1A) . The level of riboflavin was significantly reduced (P < 0.0001) in both types of cheese already within the first day of exposure to fluorescent light and completely vanished within the first 2-3 days of light exposure, independent of the presence of oxygen. No significant difference (α = 0.05) in the levels or in the degradation of riboflavin was measured between the cheeses. The generation of dityrosine mirrored the loss of riboflavin in cheeses packed in air, and this was reflected in a regression coefficient of −0.83 and −0.91 for cheeses packed in air with 5.4% and 18% fat, respectively. A plateau was reached within the first three days of light exposure with two different levels for each of the two types of cheeses. Thus, the dityrosine content was 4.51 and 12.36 nmol·g −1 cheese in cheeses with 5.4% and 18% fat, respectively, at the 21st day of incubation when the cheeses were packed in air. The plateau levels reached at the third day of light exposure were significantly different (P < 0.001) between the low fat cheese and the cheese with 18% fat when they were packed in air (Fig. 1B) , while insignificant changes (α = 0.05) were seen in the level of dityrosine in the vacuum-packed cheeses.
The level of lipid hydroperoxides in the cheeses packed in air increased steadily for the whole period of incubation (21 days) 570 T.K. Dalsgaard et al. up to 1.2 and 5.1 μg·g −1 cheese in cheeses with 5.4% and 18% fat, respectively, whereas the lipid hydroperoxide accumulation was insignificant (α = 0.05) for the first 14 days of incubation in the vacuumpacked low fat cheeses (Fig. 1C) . Within the last 14 days of incubation (days 7-21), the level of lipid hydroperoxides in the vacuum-packed cheese with 18% fat indicated an increasing tendency, even though the increase found was insignificant (α = 0.05). The level of lipid hydroperoxides in the vacuum-packed cheese with 18% fat was significantly (P < 0.001) lower (0.9 µg·g −1 cheese) than in the cheeses packed in air (5.1 µg·g The accumulation of DMDS followed to a certain extent a similar pattern as the accumulation of lipid hydroperoxides in the cheese with 18% fat (Fig. 1D) , even though the accumulation of DMDS in the cheese with 18% fat tended to be somewhat reduced over time when compared to the lipid hydroperoxide accumulation. In the low fat cheese the accumulation of DMDS was less significant, and a significant difference (P < 0.001) was detected in the levels of generated DMDS between the two types of cheese as well as between the packaging conditions. For the last seven days of incubation (days [14] [15] [16] [17] [18] [19] [20] [21] , the accumulation of DMDS in the vacuum-packed 18% fat cheeses showed a significant increase (P < 0.001) when compared to the vacuum-packed low fat cheese. The level in the vacuum-packed cheese with 18% fat was comparable to the level of DMDS observed in the low fat cheeses packed in air. Hence, both of the protein oxidation products (dityrosine and DMDS) seemed to be dependent on both fat content and content of oxygen in the packaging, even though the generation of DMDS was less dependent on the availability of air. The increase in both lipid hydroperoxides continued long after the riboflavin had completely vanished indicating a continuous chain reaction. Chain-breaking antioxidants could avoid this mechanism, but consumption of chain-breaking antioxidants may have occurred upon illumination with light. Vitamin E was therefore measured in the two types of cheese. The only tocopherol present in the two types of cheese was α-tocopherol. The concentrations of α-tocopherol were 1.1 and 3.9 μg·g −1 cheese (data not shown) in cheese with 5.4% and 18% fat, respectively, which reflects the fat content in the two different types of cheese. Within the first seven days, the α-tocopherol content decreased rapidly in the low fat cheese packed in air, after which a stable level was reached (Fig. 2A) . The cheese with 18% fat packed in air showed a rapid decrease in α-tocopherol content as well for the first seven days of incubation, even though the relative decrease was not as rapid as for the low fat cheese packed in air. The loss of α-tocopherol continued for the whole period of incubation in the cheese with 18% fat, even though the decrease was relatively small after the third day of oxidation. The level of α-tocopherol in the cheese with 18% fat (0.8 ± 0.1 μg·g −1 cheese at day 21) never reached the level measured in the low fat cheese (0.3 ± 0.1 μg·g −1 cheese at day 21). In the vacuum-packed cheeses, the content of α-tocopherol decreased more slowly within the first seven days of incubation when compared with the cheese packed in air, and the relative decrease in α-tocopherol was independent of cheese type.
The accumulation of the secondary lipid oxidation products hexanal and heptanal was dependent on time of light exposure, packaging condition and fat content (Figs. 2B and 2C ). These two lipid oxidation products showed a lag phase for the first seven days of light exposure in the samples packed in air in both cheeses. After the seventh day of light exposure, the accumulation of hexanal and heptanal increased significantly (P < 0.0001). The accumulation of another secondary lipid oxidation pentanal was dependent on time of light exposure, package condition as well as fat content (Fig. 2D ), but did not follow the same pattern as the other two secondary lipid oxidation products, and no lag phase was observed for pentanal in the cheese with 18% fat.
DISCUSSION
The accumulation of lipid hydroperoxides indicates that there was no measurable lag phase, and that the generation of lipid hydroperoxides was initially formed from a direct reaction of singlet oxygen with the unsaturated lipids as stated by Havemose et al. [10] . As no lipid hydroperoxides were accumulated in the dark control samples, direct autoxidation seemed to be of no importance in the samples which agrees with the fact that singlet oxygen reacts 1450 times faster with unsaturated fatty acids compared to the reaction between triplet oxygen and unsaturated fatty acids [9, 26] . The accumulation of lipid hydroperoxides continued even after the riboflavin had degraded, and it is proposed that the oxidation process is a chain reaction or an alternative reason could be that other sensitisers e.g. chlorophylls [35] with longer lifetime [32] were involved in the generation of lipid hydroperoxides. Lipid hydroperoxide generation did not show any dependence on the observed plateau in the generation of dityrosine or the complete loss of riboflavin. Therefore, the generation of tyrosyl radicals seems to be of no importance in the generation of lipid hydroperoxides, which has been seen elsewhere [27] . Hence, a singlet dependence mechanism (type II) [9, 26] and a continuous chain reaction might be suggested to give rise to the generation of lipid hydroperoxides. The formation of DMDS showed an accumulation similar to that of the lipid hydroperoxides in cheese with 18% fat, and it appeared to continue throughout the whole period of light exposure, indicating that a secondary event is responsible for the generation of these two oxidation products later in the light exposure period. Higher levels of lipid hydroperoxides were expected in the cheese with 18% fat compared to the levels in the low fat cheese, but the higher levels of the protein oxidation product DMDS, which were observed in the cheese with 18% fat, were rather unexpected. The higher level of DMDS may reflect that a singlet oxygen-mediated reaction is preferred in a system with a higher fat content due to the higher solubility of oxygen in the lipid phase [4] Light-induced oxidation in low fat cheesecontent of lipid-soluble photo-sensitisers in the cheese with the highest fat content. The generation of DMDS in the cheese with 18% fat seemed to be somewhat reduced over time. Such a reduction in the generation was not observed in the low fat cheese stored in air. A higher consumption of oxygen in the high fat cheese due to a much higher formation of lipid hydroperoxides may result in a lower rate of generation of DMDS later in the study, but a mixed reaction mechanism involving both type I and type II mechanisms may be an alternative explanation for the lower rate. The content of oxygen was of less importance for the generation of DMDS than for the accumulation of the other measured oxidation products. Therefore we suggest that the generation of DMDS is not solely due to singlet oxidation as reported elsewhere [15, 30] , but is also caused by a reaction with other reactive species. However, independently of the mechanism involved in the accumulation of the different oxidation products shown in the present study, it is clearly demonstrated by accumulation of DMDS in vacuum-packed cheeses that reducing the content of oxygen may not prevent the off-flavour formation caused by protein oxidation.
The level of hexanal and heptanal indicated a lag phase within the first 3-7 days of light exposure, after which the accumulation increased rapidly. The lag phase corresponds very well to the period of time, where the content of α-tocopherol, which was used as marker for naturally occurring antioxidants, had reached a more or less constant level in the photo-oxidised cheeses. These findings indicate that consumption of naturally occurring antioxidants has a large effect on the generation of secondary lipid oxidation products. However, accumulation of lipid hydroperoxides did not show any dependence on the relatively quick consumption of α-tocopherol within the first 3-7 days of light exposure, indicating that singlet quenching by α-tocopherol, and maybe also other naturally occurring antioxidants, was marginal. This is in contrast to the finding by Fragata and Bellemare [8] and Yang et al. [37] who showed α-tocopherol to be an efficient singlet oxygen quencher. On the other hand, it is well known that α-tocopherol is a chain-breaking antioxidant [16] . This agrees with the results obtained in the present study where the accumulation of secondary lipid oxidation was shown dependent on the presence of α-tocopherol. The loss of α-tocopherol observed in the present study upon illumination is in agreement with the findings of Havemose et al. [10] who also observed a decrease of α-tocopherol in milk upon exposure to light.
The accumulation of the third secondary oxidation product pentanal did not show any lag phase, and so this lipid oxidation product did not seem to have the same dependence on the loss of naturally occurring antioxidants as the other three secondary lipid oxidation products. Pentanal showed an accumulation pattern similar to the one observed for lipid hydroperoxides, indicating that the pathway by which pentanal is produced may be different from the one observed for hexanal and heptanal as suggested elsewhere [22] . A direct interaction with triplet-excited riboflavin through a type I mechanism as suggested by Lee [21] may explain the difference observed for the accumulation of pentanal when compared to the accumulation of hexanal and heptanal instead of a singlet-mediated reaction which is partly responsible for the generation of hexanal [22, 36] .
The generation of dityrosine mirrored the loss of riboflavin for cheeses packed in air, and a plateau was reached within the first three days of illumination with fluorescent light. Similar results have been seen previously in aqueous model systems [5] , indicating that the regeneration of riboflavin as suggested by Skibsted [30] is not an ongoing process, or that the bleaching of riboflavin is much faster than the rate 574 T.K. Dalsgaard et al. of regeneration, hence suggesting incapability to preserve the concentration of riboflavin. Riboflavin has previously been shown to be able to generate 10 3 -10 5 molecules of singlet oxygen before becoming inactive [20] . The direct dependence on riboflavin indicated an interaction between triplet riboflavin and tyrosine, which is consistent with dityrosine being formed through a type I mechanism [28] . However, the dityrosine formation was approximately threefold higher in the cheeses with 18% fat compared to low fat cheese, and this relation is supposed to reflect the difference in fat content as the amount of protein was similar in the two cheese types. The generation of dityrosine therefore seemed to be dependent on the fat content. Dityrosine has been suggested to be formed through radical reaction with lipid hydroperoxides [18, 27] , and therefore one suggestion could be that interaction between lipid free radicals and tyrosine residues is responsible for the higher content of dityrosine found in the cheese with the high fat content. This supports the idea of milk proteins acting as antioxidants as reported elsewhere [6, 31] , and the mechanism behind it may be scavenging of free lipid radicals. Alternatively the higher content of dityrosine in the cheese with high fat content could reflect more fat-soluble photo-sensitisers as found by Wold et al. [32] . The fat-soluble photosensitisers detected in various dairy products [33, 35] , e.g. chlorophyll a and protoporphyrin, have been identified to contribute to the singlet oxygen-mediated type II mechanism and only 20% of the chlorophyll a activity could be attributed to other mechanisms (type I or direct autoxidation) [26] . The same study showed that protoporphyrin only had type II activity [26] . Dityrosine is known to be generated by the type I mechanism [28] ; therefore, the scavenging effect of tyrosine on free lipid radicals seemed to be the most likely reason for the higher content of dityrosine in the cheese with 18% fat when compared to the low fat cheese. The plateau observed in the generation of dityrosine after the third day of light exposure was, however, not seen for the lipid hydroperoxides; but when the proteins have formed cross-linkages to a certain extent, it is hypothesised that they got locked in a certain position, even though there may have been generated more tyrosyl radicals in the proteins later on in the experiment. These radicals cannot get in contact and form cross-links with each other.
CONCLUSION
The study illustrated that lipid and protein oxidation in complex matrices such as cheese is a rather complicated process. Protein oxidation correlated to the concentration of lipids in the cheeses, and interaction between the lipid radicals and proteins seemed to be decisive for the generation of dityrosine, whereas the influence of lipid radicals on the generation of the other protein oxidation product called DMDS seemed more ambiguous. The content of α-tocopherol did not affect any of the measured protein oxidation products (dityrosine and DMDS), but had an effect on the secondary lipid oxidation products (hexanal and heptanal). The contents of protein (dityrosine and DMDS) and lipid (lipid hydroperoxides, pentanal, hexanal and heptanal) oxidation products were significantly reduced in vacuum-packed cheeses compared to cheeses packed in air. Even though the generation of DMDS was reduced in vacuum-packed cheese when compared to cheeses packed in air, this study demonstrates that these protein oxidation products are formed in vacuum-packed cheese.
